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Prenatal 
prediction?

Delivery room 
management?

Neonatal 
management?

Timing of 
surgery?

ECLS /ECMO?

Long term 
outcome?
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Management

Future  d i rec t ions



Pulmonary

hypoplasia

Pulmonary

hypertension
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↑PAP = PBFlow x PVRESISTANCE

Increased PBF

Functional:
VASCONSTRICTION

INCREASED PVR

Structural:
ABNORMAL PULMONARY 

VASCULATURE

Hyperviscosity

Increased 
pulmonary venous 

pressure:

French CDH Meeting 21st June

“PRE-CAPILLARY” “Post-capillary” 



↑  Pulmonary Vascular Resistance

Abnormal pulmonary vascular structure & function

Right-to-left 
shunting

(atria and PDA) 

Hypoxemia
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↑  Pulmonary Vascular Resistance

CARDIAC STRUCTURE 
AND FUNCTION

Abnormal pulmonary vascular structure & function

Right-to-left 
shunting

(atria and PDA) 

Hypoxemia
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RV dilatation and hypertrophy in pulmonary hypertension
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Tissue Doppler Imaging of RV in CDH
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Cont ro l C D H

• R e d u c e d  s y s t o l i c  v e l o c i t i e s  

( S ’ )

• L o s s  o f  d i a s t o l i c  ( e ’ )  
v e l o c i t y

* **
S’ 

E’ 
A’ 

S’ 

A’ 

P a t e l  e t  a l ,  N e o n a t o l o g y  2 0 0 9
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↑  Pulmonary Vascular Resistance

RIGHT VENTRICULAR 
(DIASTOLIC) 

DYSFUNCTION

Abnormal pulmonary vascular structure & function

Right-to-left 
shunting

(atria and PDA) 



CDH Day 1: FiO2 1.0, hypotensive, acidotic
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C i r c u m f e r e n t i a l  
s t r a i n  ( C S )

R a d i a l
s t r a i n ( R S )

L o n g i t u d i n a l  
s t r a i n  ( L S )

Speckle t racking echocardiography in CDH
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Ventricular strain in CDH (f irst 48h of l i fe)
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↑  Pulmonary Vascular Resistance

RIGHT VENTRICULAR 
DYSFUNCTION

LEFT VENTRICULAR 
DYSFUNCTION

Abnormal pulmonary vascular structure & function

Right-to-left 
shunting

(atria and PDA) 
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↑  Pulmonary Vascular Resistance

RIGHT VENTRICULAR 
DYSFUNCTION

LEFT VENTRICULAR 
DYSFUNCTION

Abnormal pulmonary vascular structure & function

Right-to-left 
shunting

(atria and PDA) 

Ventricular

interdependence
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R e d u c e d  

p u l m o n a r y  
b l o o d  f l o w

A l t e r e d  d u c t u s  

v e n o s u s  
s t r e a m i n g

M e c h a n i c a l  
c o m p r e s s i o n

Possible mechanisms of fetal LV 
hypoplasia
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↑  Pulmonary Vascular Resistance

RIGHT VENTRICULAR 
DYSFUNCTION

LEFT VENTRICULAR 
DYSFUNCTION

Fetal LV hypoplasiaAbnormal pulmonary vascular structure & function

Right-to-left 
shunting

(atria and PDA) 

↑ afterload 
at birth

Ventricular

interdependence



↑  Pulmonary Vascular Resistance

RIGHT VENTRICULAR 
DYSFUNCTION

LEFT VENTRICULAR 
DYSFUNCTION

Fetal LV hypoplasiaAbnormal pulmonary vascular structure & function

Right-to-left 
shunting

(atria and PDA) 

↑ afterload 
at birth

Reduced cardiac output

Hypoxemia,  acidosis, systemic hypotension 

Ventricular

interdependence
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Fetal LV hypoplasia

P a t e l  e t  a l ,  S e m P e r i n a t o l 2 0 1 9
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↑  Pulmonary Vascular Resistance

RIGHT VENTRICULAR 
DYSFUNCTION

LEFT VENTRICULAR 
DYSFUNCTION

Fetal LV hypoplasiaAbnormal pulmonary vascular structure & function

Right-to-left 
shunting

(atria and PDA) 

↑ afterload 
at birth

Reduced cardiac output

Hypoxemia,  acidosis, systemic hypotension 

Ventricular

interdependence

↑pulmonary 
venous 

pressure 

Fetal LV hypoplasia

LV dysfunction may cause ↑PVR
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PCCM 2020
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LV function improves in f irst days of l i fe

LV systolic function (TDI LV S’) LV diastolic function (TDI LV E’)
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PULMONARY
HYPOPLASIA 

PULMONARY 
VASCULAR 

RESISTANCE

VENTRICULAR 
FUNCTION

Pulmonary 
vasodilators?

Inotropes?
Timing of 

repair?

ECMO?



Continuous multi-modal assessment:
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PULMONARY 
HYPOPLASIA

PULMONARY HYPERTENSION
CARDIAC FUNCTION

RV and LVOxygenation / 
oxygen delivery

PVR  / PAP

Prenatal lung 
volumes

SaO2 Pre-post ductal 
saturations

Systemic Blood Pressure: 
pulse pressure

(Postnatal lung 
volume- ?CXR?) 

PaO2 Echo assessment:

-Tricuspid regurgitation 
velocity

-PDA shunting pattern

-Time to peak velocity 
in pulmonary artery

-Septal shape

Echo assessment:

“Eyeballing” from 2d 
loops

Quantitative measures:

 Tissue Doppler 
imaging

 Speckle tracking 
echocardiography

PCO2

ETCO2

Transcutaneous CO2

Lactate
Cardiac output NIRS / 
SVO2

aEEGVentilator settings
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Regular assessment of cardiac function and 
pulmonary artery pressure 

Targeted treatment of PAP/cardiac dysfunction 

RV dysfunction / hypoxia

AIM: REDUCE PVR

Pulmonary vasodilator
1st Line: iNO

2nd line: Hypoxia:IV sildenafil*
RV dysfx: milrinone

3rd line: consider ECMO

Targeted therapy of PH and cardiac funct ion in 

CDH
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PGE1 to 
maintain PDA if: 

• RV dilatation/ dysfx
• PAP ≥ systemic BP 

• constricting ductus 
arteriosus
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1 5  n o n -

r e s p o n d e r s

11  r e s p o n d e r s
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↑  Pulmonary Vascular Resistance

RIGHT VENTRICULAR 
DYSFUNCTION

LEFT VENTRICULAR 
DYSFUNCTION

Fetal LV hypoplasiaAbnormal pulmonary vascular structure & function

Right-to-left 
shunting

(atria and PDA) 

↑ afterload 
at birth

Reduced cardiac output

Hypoxemia,  acidosis, systemic hypotension 

Ventricular

interdependence

↑pulmonary 
venous 

pressure 

Fetal LV hypoplasia



Regular assessment of cardiac function and 
pulmonary artery pressure 

Targeted treatment of PAP/cardiac dysfunction 

RV dysfunction / hypoxia

AIM: REDUCE PVR

Pulmonary vasodilator
1st Line: iNO

2nd line: Hypoxia:IV sildenafil*
RV dysfx: milrinone

3rd line: consider ECMO

LV dysfunction / hypotension

Cardiotropic support
e.g. low dose epinephrine

+ milrinone
+/- hydrocortisone 

Consider VA ECMO

Determine optimal 
timing of 

interventions:
CDH repair

ECMO
Extubation

Targeted therapy of PH and cardiac funct ion in 

CDH

PGE1 to 
maintain PDA if: 

• RV dilatation/ dysfx
• PAP ≥ systemic BP 

• constricting ductus 
arteriosus
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AIM: support cardiac 
function, optimize SVR
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D a y 1 D a y 3 D a y 5

4  

c h a m b e r  
v i e w

P D A f l o w

S T E  
S t r a i n

RV  G L S  -

1 2 %  

LV  G L S  - 9  
%

R V  G L S  -

1 2 %  

LV  G L S  - 2 0  
%

RV  G L S  -

1 6 %  

LV  G L S  - 2 0  
%

Milrinone and epinephrine

IV sildenafil



• 38/40.  3kg.  L CDH.  Day 1 of life

• Conventional ventilation: 22/5, FiO2 0.35. Sats 96/97%. BP 45/32 (36)

• Mild/moderate LV dysfunction (Global Longitudinal Strain -14%)

• Cardiac function improved spontaneously by day 3 of life

• Primary repair, day 3.  Stage “A” defect
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Cardiac function and timing of repair?



CDH pathophysiology and ECMO 
strategy:
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Severe LV 
dysfunction 
/hypotension

ECMO (VA?)
+ time (< 1 week)
+/- cardiotropes

Wean off, then repair

Pulmonary 
hypoplasia, 
hypercarbia, 
ventilation 

failure

? Survivable Early repair on ECMO

Pulmonary 
hypertension 
/oxygenation 

failure / RV 
failure

ECMO (VV or VA?)
Optimize PVR

+ time

Consider early repair on 
ECMO if no early 

improvement
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PULMONARY
HYPOPLASIA 

PULMONARY 
VASCULAR 

RESISTANCE

VENTRICULAR 
FUNCTION
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Staff and patients of the:
Royal Hospital for Children, Glasgow
Royal Children’s Hospital Melbourne

Claudia Massolo
Florian Moenkemeyer
Florian Kipfmueller
Lindsey Hunter
Carl Davis, Morag Liddell
Kevin Lally, Pam Lally, Matt Harting
CDH Study Group and Registry
CDH Euroconsortium
CDH UK

Thanks to 
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Post-operative management and weaning:
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Ongoing multi-modal assessment of PH / Cardiac function/ventilation function

Wean iNO

Convert sildenafil to oral (if ongoing) 

Pro-active management of GORD

Cautious weaning of sedation

Milrinone peri-extubation

Wean ventilation Consider tracheostomy

Stop PGE1 when 
PAP<SBP



Associated with outcomes:
• Duration ventilation 
• Length of stay
• Survival
• ECMO 
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